Conyza blinii H. Lév. is traditionally used in China as a medicinal plant to treat inflammation. We show here that the active fraction of this plant, Conyza blinii saponin (CBS), also has potent anti-cancer activity both in vitro and in vivo. Cell-based experiments showed that CBS suppresses the growth of cancer cells in a number of ways. CBS induces apoptosis in a dose-dependent manner. The mitochondrial membrane potential (DJ m ) can be disrupted by CBS, which indicates activation of the mitochondrial apoptosis pathway. This was confirmed by an increase in the number of apoptotic bodies seen with scanning electron microscopy. CBS is capable of inhibiting cancer cell migration and invasion. Flow cytometry experiments demonstrated that CBS causes S phase arrest in cancer cells. These effects collectively led to an inhibitory activity against HeLa cells. In vivo animal experiments were carried and showed that 15 mg kg À1 CBS is a tolerable dose and reduced the tumour weight by 70% in a 10 day administration regimen.
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Chemical proles of this medical plant have revealed a variety of natural products, including diterpenoids, avo-noids, triterpenoids and saponins, which may be responsible for its activity. 4 A total of 15 triterpene saponins have been isolated and identied from this plant. 1, 5, 6 Conyza blinii saponin (CBS), composed of triterpenoidal saponins, represents the total saponin content of Conyza blinii H. Lév. Thirty-ve saponins have been characterized based on their retention times and HPLC-high-resolution tandem MS (MS n , n ¼ 2-4), analyses. 7 We have previously reported that CBS has a protective activity against acute gastric ulcers induced by ethanol as a result of anti-lipid peroxidation and free radical clearance. 8 A series of saponins oen exists in one plant with identical skeletons, but slightly altered sugar components. It is believed that triterpenoidal saponins have a wide range of bioactivity, e.g. anti-cancer, anti-virus and anti-anaphylaxis. 9 Invasive cancer is the leading cause of death in developed countries and the second leading cause of death in developing countries. 10 This creates an urgent need to discover anti-cancer drugs with a better therapeutic index. Natural products have an unparalleled diversity with regard to their structures and bio-function. 11, 12 This makes them a rich reservoir for lead drug discoveries.
Saponins from C. blinii are biosynthesized through a specic pathway and their structures have remarkable characteristics. Fig. 1 shows the skeleton for all saponins characterized in CBS. The aglycones of all the identied saponins from this species are either 2b,23-dihydroxyoleanolic acid or 2b,16a,23-trihydroxyoleanolic acid. The aglycones are substituted with oligosaccharides at C-3 and C-28 to form bisdesmosidic triterpene saponins. The saccharide sequences are highly modular. All the a-chains (sugar chain at C-28) start with -Ara(2,1)-Rha(4,1)-Xyl, which, in some cases, are further substituted with Api, Rha, Xyl or Gal. The b-chain (sugar chain at C-3) is much simpler and has only three combinations: -Glc, -Glc(3,1)-Glc, or -Glc(3,1)-Xyl. C-16 is either an -OH or -H substitution. We explored the in vitro anti-cancer activities of CBS using cell-based models with HeLa (human cervical cancer) and A549 (human non-small cell lung cancer) cells. Fig. 2 The morphology of HeLa cells in the absence or presence CBS was studied using SEM (Fig. 3A) . For the HeLa cells in the control group, dense microvilli with minor protrusions were seen. The cell shrinkage was more severe for HeLa cells treated with 10 mg mL À1 CBS and the microvilli became thinner. The outer cell membranes showed remarkably increased protrusions and blebbing. All these features are characteristic of apoptotic cells. In the presence of 20 mg mL À1 CBS, deeper wrinkles were formed on the surface of the cells and apoptotic bodies were formed on and around the spherical cells. All these features suggest that CBS is an effective inducer of apoptosis in cancer cells. To examine whether CBS induced programmed cell death through a mitochondria-dependent pathway, we used rhodamine-123 to measure the mitochondrial membrane potential (DJ m ). Fig. 3 shows the enhanced uorescence intensity, which indicates distinct changes in the mitochondrial membrane potential (DJ m ) caused by damage to the integrity of the mitochondrial membrane, which is a marker of apoptosis.
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To determine the proliferation of HeLa cells with and without CBS, a colony formation assay was carried out (Fig. 4) . The ability of cancer cells to produce colonies when plated at low densities is associated with their proliferation potential. This cell counting technique allowed us to estimate the ability of CBS to inhibit the proliferation of cancer cells.
14 We used HeLa cells without the addition of CBS as a control and found that the number of colonies formed was much greater than in HeLa cells treated with 5 (P < 0.01) and 10 mg mL À1 CBS (P < 0.001). The size of the colonies of CBS-treated cells was much smaller than that of the control colonies. These observations suggest that CBS is an effective suppressor of the proliferation of HeLa cells. We used an in vitro wound-healing assay to evaluate how CBS affects the migration of HeLa cells.
15 Fig. 5A shows that the control HeLa cells continued to grow and that the scratch was narrower at 48 h than at 24 h. This shows the capability of the cancer cells to migrate. The cells in the control group had migrated much further than the two CBS-treated groups at both 24 (P < 0.01) and 48 h (P < 0.001). The cells treated with 5 or 10 mg mL À1 CBS migrated more slowly and in a dose-dependent manner. HeLa cell migration was been largely restricted when CBS was added, which illustrated the inhibitory effect of CBS on cell migration. We also carried out a transwell migration assay as described previously 16 to investigate the invasion of HeLa cells in response to CBS. Fig. 5B shows that the cells in the control group was able to pass through the Matrigel transwell coated membranes, suggesting that they were highly invasive. The HeLa cells in the group treated with 10 mg mL À1 CBS displayed reduced graded invasion (P < 0.001), which suggested that CBS was capable of signicantly weakening invasion by HeLa cells. The cell cycle distribution of HeLa cells was measured by ow cytometry. Fig. 6 shows the effect of 24 h of CBS treatment on the phase distribution in the cell cycle. Compared with the control samples, a low dose of 10 mg mL À1 CBS elicited only marginal accumulation in the S phase, whereas a higher dose of CBS (20 mg mL À1 ) resulted in an marked increase in the S phase by 45.6%. These results indicate that the reduced growth of HeLa cells by CBS was related to cell cycle arrest in S phase.
To investigate the anti-tumour effect of CBS in vivo, mouse hepatoma H22 xenogras were established in the anks of a mouse models. Two days aer subcutaneous implantation, the mice were assigned to three groups: (1) physiological saline; (2) CBS (10 mg kg À1 ); and (3) cisplatin (5 mg kg À1 ). Each group was composed of eight mice and all were dosed using an intraperitoneal injection for 10 consecutive days, two days each injection. On the 11th day of the experiment, all the mice were killed and the xenogras were collected. The tumour weights were measured. Fig. 7A shows that tumour growth was signi-cantly suppressed in both the CBS-and cisplatin-treated groups compared with the controls (for each CBS treatment, P < 0.001).
The CBS and cisplatin treatments led to a 70.5 and 74.4% reduction in tumour weight, respectively, compared with the controls. This was also reected by the daily increase in tumour size (Fig. 7D) . However, for the cisplatin group, the spleen index for the mice was lower than for the control, indicating some adverse effects. By contrast, CBS did not show any appreciable toxicity during the experiment, as supported by the spleen and thymus indexes ( Fig. 7B and C) . A thorough necropsy was carried out and no obvious abnormality was found in the main organs (heart, liver, stomach, kidney, lung and spleen) for the CBS-treated mice. Fig. 7E shows that the body weight of the control mice increased normally. For the CBS-treated group, the body weight was almost unchanged, whereas the body weight of the mice in the cisplatin-treated group decreased considerably. This indicated that CBS was better tolerated than cisplatin in this animal model. À1 CBS were grown for 24 h to assess the inhibitory effect of CBS on invasion. **P < 0.01, ***P < 0.001. We tested the efficacy of CBS as an anti-cancer treatment. MTT assays showed that CBS inhibited the growth of both HeLa and A549 cells in a time-and dose-dependent manner. 18 Malignant cancers are the consequence of these features and therefore targeting these crucial processes provides a realistic strategy to control cancers. Tumour xenogra mouse models conrmed the anti-neoplastic effect of CBS in vivo and no obvious toxicity was observed. A mixture of compounds usually shows stronger and more effective antitumour effects than a single compound. 19 Increasing evidence suggests that the mixtures of interacting ingredients produced by plants may provide collective therapies that simultaneously act on multiple targets or gene networks. This leads to a synergistic efficacy that cannot be obtained by any one ingredient alone. 20 This is a potential advantage of botanical/herbal drugs over single-agent treatments.
We have shown that CBS is able to suppress cancers both in vitro and in vivo and shows promise as a novel therapeutic modality. Our novel ndings expand the utility of saponins and verify that exploring bioactive compounds from natural products is a rational approach for anti-cancer drug research. [21] [22] [23] [24] [25] [26] In addition to the anti-inammation properties of the herbal medicine Conyza blinii H. Lév., we have also shown its potential as a botanical drug in cancer treatment.
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